The seeds of Albizia julibrissin are dormant because of their hard seed coat and they need pretreatment in order to germinate. In this research the effect of a) dry heating, at 30°C to 100°C for 10 to 60 min, b) chemical scarification with concentrated H 2 SO 4 for 15, 30, 60, 90 or 120 min, c) mechanical scarification for 5 sec, d) seed soaking in warm water (30°C to 100°C for one to six hours) and e) seed soaking in tap water for one to six days, on seed germination were examined. The most successful treatment was chemical scarification in concentrated H 2 SO 4 for 2 hours (germination percentage 99%). Soaking in 40 or 50°C warm water also resulted in high germination percentages (86 and 91%). The germination obtained after soaking in tap water for two days was also satisfactory (73%). All the above treatments also increased the germination rate as the overall germination was completed in less than six weeks.
Summary
The seeds of Albizia julibrissin are dormant because of their hard seed coat and they need pretreatment in order to germinate. In this research the effect of a) dry heating, at 30°C to 100°C for 10 to 60 min, b) chemical scarification with concentrated H 2 SO 4 for 15, 30, 60, 90 or 120 min, c) mechanical scarification for 5 sec, d) seed soaking in warm water (30°C to 100°C for one to six hours) and e) seed soaking in tap water for one to six days, on seed germination were examined. The most successful treatment was chemical scarification in concentrated H 2 SO 4 for 2 hours (germination percentage 99%). Soaking in 40 or 50°C warm water also resulted in high germination percentages (86 and 91%). The germination obtained after soaking in tap water for two days was also satisfactory (73%). All the above treatments also increased the germination rate as the overall germination was completed in less than six weeks.
Experimental and discussion
Albizia julibrissin Durazz is a small tree which is used worldwide, primarily as an ornamental. The species has also significant potential as a forage plant as it can help cattle farmers to overcome forage limitations during the summer period when herbaceous biomass is limited (Addlestone et al., 1999) . Burner et al. (2008) also noted that its leaves exceeded the nutritional N requirements for cattle and goat feeding.
Like most legumes, A. julibrissin have hard coated seeds which usually require pretreatment to attain a satisfactory germination. The most commonly used treatments for softening the hard seed coat are: (a) dry-heat; (b) chemical or mechanical scarification; and (c) soaking in warm water (Baskin and Baskin, 1989) . The purpose of the present research was to compare the effect of all the above treatments on A. julibrisssin seed germination.
A julibrissin seeds were collected in late October in Northern Greece at about 90 m a.s.l. The mother trees from which seeds were collected were part of a row of 50 trees in
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the city of Drama in Northern Greece (initial seed moisture content 16.8%). Immediately after collection the seeds were divided into sub-samples and subjected to different treatments in order to break their dormancy, as shown below:
(a) Dry heat: The seeds were heated in an oven, in glass Petri dishes, at a constant temperature of 30, 40, 50, 60, 70, 80, 90 or 100°C for 10, 20, 30, 40, 50 and 60 minutes at each temperature (Total of 48 treatments). The seeds were placed in the oven as soon as the oven had reached the target temperature. (b) Chemical scarification. The seeds were soaked in glass containers for 15, 30, 60, 90 and 120 min in concentrated (98%) H 2 SO 4. After soaking, the seeds were thoroughly rinsed with tap water for approximately 10 minutes (Total of six treatments). (c) Mechanical scarification: The seeds were scarified in a scarifier (Forsberg 56701) for about five seconds. (d) Seeds were soaked in warm tap water which was allowed to cool gradually to room temperature (mean day and night room temperatures of 25°C and 15°C, respectively). The seeds were soaked in water for 1, 2, 3, 4, 5 or 6 hours and the water temperature at the beginning of the soaking period was 30, 40, 50, 60, 70, 80, 90 or 100°C. (Total of 48 treatments). (e) Seeds were soaked in tap water (approximately 20°C temperature) in small glass containers for 1, 2, 3, 4, 5 or 6 days, at room temperature. Every two days the water was renewed (in total six treatments). f) Control: Untreated seeds
The germination test was carried out on four replicates of 100 seeds from each treatment placed on moist paper in 10 cm-diameter glass Petri dishes on top of moist river sand which had been previously sterilized at 150°C for 24 hours. The temperature in the germinator was kept at 25°C for 8 hours with 1000 lux light (cold light bulbs) and at 20°C for 16 hours in the dark. The seeds were kept moist during the germination test. The germinated seeds were counted once a week for six weeks. The six-week duration was chosen because a fast and uniform germination is a major criterion for the evaluation of a pretreatment method. The presence of a 2-mm-long radicle was the criterion for germination. The total germination percentage was counted as the average of the four replicates. The germination values (GV) of the most successful treatments were further estimated using the formula GV = (PV) X(MDG).
PV is the peak value defined as the quotient of the highest value of the cumulative germination percentage, divided by the number of days that took to reach the highest value since the beginning of the test. The "Mean Daily Germination" (MDG) is defined as the average daily germination (i.e., germination percentage divided by the number of days of the germination test (Czabator, 1962) One-way ANOVA was used to identify differences in germination among the various treatments. The assumptions of data normality and homogeneity of variance, which are prerequisite for ANOVA, were checked with the Kolmogorov-Smirnov test and Levene test respectively. The raw data did meet the normality but not the homogeneity assumption. A variety of transformations tested (square root, logarithmic, reciprocal) did not correct this 

problem, due to the great number of treatments and the wide range of variability among them. Therefore, the differences of means were tested using Brown-Forsythe (1974) and Welch (1951) tests, which assume heterogeneous variances and the pairwise comparison of means was done using the Tamhane test (SPSS inc. 1997) . Seed dry-heating was unsuccessful in breaking dormancy with the germination percentages varying between 0.0 and 35% and in most treatments were lower than the control (33%). Seeds subjected to 100°C did not germinate at all. Therefore, it is very likely that seed mortality occurs at this temperature, which is in accordance with the findings of Bowen and Eusebio (1983) . Pitman (2008) , on the other hand, recorded high germination (63-96%) after heating the seeds to 80°C for a period between 1 to 240 minutes but the overall germination was obtained in 240 days. Thus if germination does occur after this treatment the germination rate is slow.
Seeds which were scarified chemically or mechanically displayed high germination percentages that, in most treatments, differed significantly from the control seeds. The highest germination (99%) was achieved after soaking the seeds for two hours in concentrated H 2 SO 4 . Seeds soaked in the acid for 90 or 60 minutes also reached a high (92%) or fairly high (70%) germination respectively. Mechanical scarification also gave a high germination (91%). The germinations of all the above mentioned treatments significantly differed from the control. However, soaking the seeds in the acid for 15 or 30 minutes resulted in low germinations (21% and 13%, respectively) which were not significantly different from the control. This outcome contradicts the recommendations of Dirr and Heuser (1987) and Hartman et al. (1997) who recommended a shorter period of acid treatment (30 to 45 minutes) to break the dormancy of A. julibrissin seeds.
Soaking in warm water (30°C) for one hour significantly increased the germination to 70% as compared to the control seeds, but increasing the soaking time (up to six hours) did not improve germination further (67%). Germination percentages after soaking in water at temperatures of 40°C or 50°C were very high and ranged between 86 and 91%, while lower germinations were achieved after soaking in water at 60°C (60 to 64% germination) or 70°C (40 to 43%). No germination was observed after soaking seed in water at 80, 90 or 100°C. It is possible that the low germination percentages observed at the higher temperatures might be due to a slow germination rate, as observed in dry heating. However, the physiological or biochemical scientific basis for this behaviour remains unknown and deserves further research.
Soaking in tap water for one or two days gave significantly higher germinability (67 and 73% respectively) than the control but germination was still considerably lower than that resulting from chemical scarification or soaking in warm water. The germination percentages of the seeds that remained in water for 3, 4, 5 or 6 days were lower (22 to 27%) and did not significantly differ from the control seeds (33%).
The most successful methods for breaking dormancy are shown in figure 1. Chemical scarification for 120 min gave the highest germination (99%), which differed significantly from the control and from the germinations after chemical scarification for 60 min and tap water soaking for one or two days. However, all of these treatments also resulted in very satisfactory germination that differed significantly from the control.
All the above methods not only gave high germination percentages but, in addition, resulted in high germination rates (figure 2). Seeds scarified in acid for 60, 90 or 120 minutes germinated during the first week to 55, 85 or 98%, respectively while the germination after mechanical scarification was 82%. High germination was also recorded during the first week in seeds soaked in water at 40°C or 50°C (35 or 85%, respectively). However, seeds soaked for longer periods needed more time to complete their germination. Lower germination percentages during the first week were also recorded for seeds soaked in tap water.
In conclusion, the dormancy of A. julibrissin seeds is completely broken after chemical scarification for 120 minutes. However, dormancy is also broken through mechanical scarification or by soaking the seeds in 40°C or in 50°C water. The germination obtained after soaking seeds in tap water for two days is also satisfactory. Moreover, all the treatments mentioned above complete the germination in less than six weeks. It should also be pointed out that soaking seeds in warm water or even in tap water is a practical, safe and easy method, especially for the treatment of large quantities of seeds.
